Relying on a wide array of data sources, we specify and apply what we believe to be the first operational interstate input-output (IO) model for the United States. The National Interstate Economic Model (NIEMO) provides results for 47 major industrial sectors (USC sectors) for all fifty states, the District of Columbia, and a residual (or leakage) region, "The Rest of the World." We use NIEMO to estimate industry and state-level impacts from the short-term loss of the services of three major U.S.
I. Introduction
The Department of Homeland Security recently issued Planning Scenarios (Howe, 2004) that included preliminary estimates of the losses from various hypothetical terrorist attacks on selected major targets. There are three problems with many of these estimates:
The orders of magnitude are often much too vague to be useful, e.g., "millions of dollars," "up to billions of dollars."
The range and types of targets are too limited: Many more than a dozen or so scenarios pose a serious economic risk.
The geographical incidence of losses is not made clear, probably on purpose because of a policy decision not to identify specific target sites. "All politics are local" may be a slight exaggeration, but decision makers have a keen interest in the spatial incidence of possible losses.
Our research addresses all three of these problems. We have created what we believe to be the first operational interstate input-output (IO) model for the United States. The National Interstate Economic Model (NIEMO) provides results for 47 major industrial sectors for all fifty states, the District of Columbia, and a leakage region: "The Rest of the World." In the application reported here, we use NIEMO to estimate industry-level impacts from the short-term loss of the services of three major U.S. seaports -Los Angeles/Long Beach, New York/Newark, and Houston -on the economies of all fifty states and Washington, DC, as a consequence of hypothetical terrorist attacks. The seaports of Los Angeles and Long Beach are treated as one complex, LA/LB. Seaports in New York and Newark are also treated as a single port, NY/NJ. We treat the attacks on the three port complexes as alternatives rather than as simultaneous events.
In pursuing our research goals, the choice of approaches involved difficult trade-offs. The use of linear economic models is justified by various factors, including the richness of the detailed results made possible at relatively low cost. NIEMO, for example, includes approximately 6-million input-output multipliers. The principal insight that drives our research is that, with some effort, it is possible to integrate data from the Minnesota IMPLAN Group (MIG), Inc.'s IMPLAN state-level input-output models with commodity flow data from the U.S. Department of Transportation's Commodity Flow Survey and with data from various related sources, making it possible to build an operational multiregional input-output model.
In the sections that follow, we describe the steps involved in reconciling the information content in these various data sources and making them compatible, integrating them to build NIEMO, and applying it to the problem at hand. The application also required the necessary multiplicands: What shares of local final demand do the temporary losses of port services involve? Finally, we discuss the nature of our results and some of the possible implications for homeland security policies.
August 19, 2005

4
II. Background to Multiregional IO Construction
Many economists and planners are interested in evaluating the socioeconomic impacts of various disruptions. Occasionally, they use geographically detailed input-output models.
Isard demonstrated in 1951 that traditional (national) IO models are inadequate because they cannot capture the effects of linkages and interactions between regions. To examine the full, short-term impacts of unexpected events such as terrorist attacks or natural disasters on the U.S. economy, the economic links between states should be considered and accounted for. Multiregional input output models (MRIOs) include interregional trade tables and avoid some of the ecological fallacies associated with aggregation (Robison, 1950) . Building an operational MRIO for all the states of the U.S., however, requires highly detailed interstate shipments data.
Although Chenery (1953) and Moses (1955) had formulated a relatively simplified MRIO framework in response to the earlier discussions by Isard (1951) , data problems persisted, and have stymied most applications. The non-existence or rarity of useful interregional trade data is the most problematic issue. Intraregional and interregional data must be comparable and compatible to be useful in this context, yet the currently available shipments data between states are only sporadically available and difficult to use. It is not surprising, then, that few MRIO models have been constructed or widely used.
The best known are the 1963 U.S. data sets for 51 regions and 79 sectors published in Polenske (1980) , and the 1977 U.S. data sets for 51 regions and 120 sectors released by Jack Faucett Associates (1983) , then updated by various Boston College researchers and reported in 1988 (Miller and Shao, 1990 ).
More recently, there have been two attempts to estimate interregional trade flows using data from the 1997 Commodity Flow Survey (CFS). The U.S. Commodity Transportation Survey data on interregional trade flows have been available since 1977, but reporting was discontinued for some years. For the years since 1993, this data deficit can be met to some extent with the recent (CFS) data from the Bureau of Transportation Statistics (BTS), but these data are incomplete with respect to interstate flows. Based on the currently available CFS data, Jackson et al. (2004) used MIG, Inc.'s IMPLAN data to adjust the incomplete CFS reports by adopting gravity models constrained via distance and by making various other adjustments.
Along similar lines and using the same basic data sources, we elaborate Park et al. (2004) , who suggested a different estimation approach that relied on a doubly-constrained Fratar model (DFM). The Fratar model is an early transportation planning tool used to extrapolate trip interchange tables to reflect expected changes in trip ends. It is an intentionally naïve numerical method requiring a minimum of assumptions. To proceed in this way, it was first necessary to create conversion tables to reconcile the CFS and IMPLAN (and other) economic sectors. This approach is elaborated in the sections that follow.
III. Data
The primary requirements for building an interstate model for the U.S. of the CheneryMoses type are two sets of data: regional coefficients tables, and trade coefficients tables (Miller and Blair, 1985) .
Models of this type can be used to estimate interstate industrial effects as well as interindustry impacts on each state, based mainly on the two data sources:
regional IO tables that provide intra-regional industry coefficients for each state, and interregional trade tables to provide analogous trade coefficients.
This implies the creation of three types of matrices intraregional inter-industry transaction matrices, the interregional commodity trade matrix, and the combined interregional, inter-industry matrix i.e., a special case of an MRIO matrix, the core of the NIEMO model. Before creating these matrices, however, the data reconciliation problem has to be addressed The main steps involved in building and testing NIEMO are shown in Figure 1 . We developed a set of 47 industries, we call them "the USC Sectors," into which many of the other economic sector classification systems can be converted. Figure 2 shows the state of our industrial code conversion matrix relative to the many data sources used in this study. 
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The detailed conversion processes occasionally involved case-by-case reconciliations of economic sectors. Inevitably, some conversions involved mapping one sector into more than one and vice-versa. The light-gray cells in Figure 2 represent one-to-one and manyto-one allocations. The dark-gray cells denote mappings modified with plausible weights extracted from ancillary data sources on a case-by-case basis. 
III-1. Data for NIEMO Construction
The major problem in developing an interstate, inter-industrial model stems from the fact that it is difficult to obtain data describing trade flows between the states (Lahr, 1993 (Miller and Blair, 1985: p167 ).
In the current application, the 1997 CFS data were used as a baseline and updated to 
III-2. Multiplicands and NIEMO Tests
After estimating all the values needed to invert the 2444-by-2444 matrix, NIEMO can be used to simulate the loss impacts from hypothetical attacks on any major U.S. target. In Step 1-1 IMPLANthis research, we considered attacks on the three top U.S. ports: the combined ports of Los Angeles-Long Beach (LA/LB), the combined ports of New York/Newark (NY/NJ) and the port of Houston. Together, these three facilities account for 38.1 percent of all foreign goods exports and 48.5 percent for foreign goods imports. See Table 2 . Domestic seaborne exports and imports data are available from the WCUS files, which use their own classification code system based on SITCREV3_C codes. A limitation of the WCUS data is that the units reported are in short-tons instead of dollars. We first changed the kilogram magnitudes in the WISERTrade data to short tons. Second, we created a conversion between WCUS and SITC using short ton values. Third, we created dollarsper-ton conversion tables for each port. We were then able to reconcile all the necessary seaborne trade data.
The results of these various reconciliations can be corroborated through foreign trade data comparisons between WCUS and WISERTrade. We found that foreign trade for each port to be almost the same for each USC sector, regardless of data source. The results of our efforts to document all goods trade for the three ports are shown in Tables 3-5 . These are the bases for our final demand calculations for each port in Section V. In Section IV, we return to the construction of NIEMO
IV. Constructing NIEMO
As noted above, constructing NIEMO required two basic tables:
tables of intraregional industrial commodity trade coefficients, and a 
This makes it possible to define the variables shown in equations (2.1) through (5.2). 
The growth factors for origin states i and destination states j, G i and G j , are calculated from equations (8.) and (9.),
)
These growth factors are substituted into equations (10.) and (11.) .to obtain balance factors L i and L j , which are used to iteratively update off-diagonal CFS entries.
(10.)
(11.)
The to (12.). There is only limited information available about interstate trade in services. The 1977 MRIO interregional flow data set on service sectors is reported to be problematic Shao, 1990, p.1652) . Consequently, trade in services between states was assumed to be negligible.
Further, given our focus on seaports, we also neglect foreign trade in services. The first step in constructing a NIEMO-type MIRO matrix is to create a set of 29, 52-State-by-52- NIEMO accounts for the commodity effects of changes in trade with one region on services consumed only within other regions. Therefore, the darker colored cells in Figure   6 are the only ones that are nonzero. 
V. Seaport Final Demand Estimates
The trade activities by USC Sector for the Los Angeles/Long Beach, New York/Newark, and Houston seaports are shown in Tables 3-5 . These figures are based on the reconciled data from section III-2. Each table shows foreign exports/imports (second column), domestic exports/imports (third column), and the sum of the two (fourth column). In the simulations reported here, we assumed that terrorist attacks would close the ports for one month. Because our data are for one year, we created one-month losses by dividing the elements of the sum column by twelve. The hypothesized one-month final demand (direct) losses are shown in the fifth (FD LOSS) column. As expected, the LA/LB ports would experience the largest final demand losses ($18.3 billion), while the ports of NY/NJ and Houston incur $11.4 billion and $6.3 billion of direct losses respectively. NIEMO is a linear model and extrapolations to other time periods are straight forward. The caveat is that as the periods studied become longer, the assumption of constant, fixed coefficients becomes more problematic.
As inputs into the NIEMO simulations, FD LOSS data ( * Y ) for each port were used as follows: Export losses are presumed to have the standard demand-driven multiplier effects.
Import losses are less likely to have such effects and only their direct impacts are included in total effects. It could be argued that the loss of intermediate imports can initiate demand-driven multiplier effects, and that there could be substitutions from other domestic sources. Given the multiple assumptions underpinning this research, we prefer on this point to err on the conservative side. All the results are discussed in Section VI. 
VI. Terrorist Attack Simulation Results
Based on the export final demand losses shown in Tables 3-5 , the state-by-state indirect impacts from attacks on the three ports were estimated and are summarized in Tables 6a-6f .
Aggregate effects vary in direct proportion to port activity (Table 6a) 
VII. Conclusions
A variety of caveats must be attached to our results. We have several reasons to expect that our tallies include both overestimates and underestimates. First, as already mentioned, linear, demand-driven models are more relevant to short-term-impact analyses. In the longer run, markets drive a variety of substitutions and price adjustments that the version of the model adopted here cannot account for. Second, it is questionable that a cessation of imports would have demand-driven effects as large as would a cessation of exports. In Section VI., we focused on the full effects of export losses. Only the direct impacts of import losses were included. Third, our analysis omits induced effects transmitted via the household sector. In the short run, households do not adjust their labor force participation across state lines. Nevertheless, we believe that we have advanced the state of the art by identifying the approximate orders of magnitude of losses from various events.
Also, it is widely accepted that in a federal system, much of politics is local, and we expect that decision makers would benefit from information that includes the spatial incidence of losses from various terrorist attacks. Our model has made it possible to estimate these on a state-by-state basis, but for disaggregated intraregional impacts there are advantages for applying a much more spatially disaggregated (3,191-zone) In the Congress, especially in the Senate where political power is evenly distributed among states, this conclusion could help to garner nationwide support for prevention measures in specific locations, often distant from the states where the measures are taken.
